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Responses of cutaneous blood vessels have
demonstrated that pH, electrolyte concentration,
hormones, polypeptides, hydroxyphenols, and
amines will affect blood flow and skin color; how-
ever, it is not known what produces the erythema
that results from irritation of the skin such as that
which follows exposure to ultraviolet radiation or
rubefacients. We have begun a study of cutaneous
vascular reactions by using a rubefacient, Trafuril
(tetrahydrofurfuryl ester of nieotinic ncid), and
comparing it with the vasodilating agent, metha-
choline (Mecholyl).
In 1950, Stark-Mittelholzer (1) stated that
histamine was not the cause of the erythema in-
duced by Trafuril and that the rubefacient prob-
ably acted directly on the capillaries and
arterioles. Subsequently, Nassim and Banner (2)
made the observation that patients with rheuma-
toid arthritis had atypical responses to Trafuril,
and an explanation was offered in 1959 by
Truelove and Duthie (3) who noted that adminis-
tration of aspirin markedly suppressed the normal
red response to Trafuril. At present, the mecha-
nism of action of Trafuril is not established but
it is known (4, 5) that neither systemic adminis-
tration of antihistaminics, nicotinic acid or neo-
stigmine nor local application of antihistaminics,
steroids or eoenzyme A modifies its action.
Methacholine produces vasodilation when in-
jected into the skin, presumably by acting on the
walls of blood vessels. Its action is not blocked by
procaine, antihistaminics, salicylates, or corti-
sone, but is blocked by atropine. It also induces
perspiration by direct action on the ecerine gland.
METHODS AND RE5TJLT5
Comparative Animal Studies With Trafuril:
Five per cent Trafuril ointment was rubbed into
the shaved skin of the rat, rabbit, mouse, hairless
mouse, eat, dog, and guinea pig. In none of these
animals was there any reaction apparent on gross
or microscopic examination.
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When primates were studied, we found no reac-
tion to Trafuril in the skin on the back of the
gibbon nor on the face, back, chest, axilla, thigh,
or perianal area of the baboon. In the rhesus
monkey, there was reactivity to Trafuril in the
sexual skin but not in the facial skin or the mucosa
of the eye or lip. It was found that the sexual skin
responded in two distinct ways. The most common
response was similar to the response of normal
human skin: an erythema with varying degrees of
edema. The red response was definite but not as
striking as that seen in the human because of the
red background of the normal sexual skin itself.
The second response developed periodically in
most sexually mature animals and consisted of a
distinct blanching or white response which was
visible for as long as 30 to 45 minutes. This white
response could be elicite4 for several days in a
given animal and was then replaced by the more
usual red reaction.
Human Studies TVith Trafuril: Individual
Variations.—Human skin commonly reacted to
Trafuril either with marked redness and edema
or with moderate redness and little or no edema.
Although minor differences occurred from day to
day, the reactive capacity of a person remained
reproducible. Mild trauma, such as rubbing,
tended to accentuate the erythema and gave the
false impression that the person's usual reactivity
had increased. In most persons, more strenuous
trauma, such as stroking firmly with a tongue
blade, produced dermographism. Faint erythema
aggravated by light friction persisted in the area
of inunction with Trafuril for several days in most
subjects. Patients with atopie dermatitis often
had markedly decreased to absent erythematous
response to Trafuril, as noted by others.
Regional Variations.—When Trafuril was ap-
plied to different areas of the skin, a uniform re-
action was not obtained. The face, trunk, and
arms gave a response which was maximal for the
subject being tested. When the leg was tested,
however, a remarkable decrease in reaction oc-
curred. Even subjects who had the most pro-
nounced redness and edema on the arm, trunk, or
face had little or no reaction on the leg. Further-
more, Trafuril did not cause an increased reac-
tion when applied to the skin of the leg where the
stratum corneum was removed with scotch tape
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until a glistening surface appeared. There was
essentially no difference in the Trafuril reaction
after stripping of the skin of the arm as compared
to the unstripped skin.
The mucous membranes did not respond to
application of Trafuril. The lower lip and con-
junctiva of the lower lid of three subjects were
everted; Trafuril ointment was applied and al-
lowed to remain in contact with the mucous sur-
face for 15 to 20 minutes without being washed
away by secretions. No erythema was produced.
No response occurred on the glans penis of three
subjects who gave marked responses on skin of
the arm and back.
Attempts to Modify Trafuril Response in
Normal Skin—Local injection of procaine,
methacholine, or diphenhydramine (Benadryl)
did not modify the Trafuril reaction in normal
human skin. Procaine or atropine did not modify
the response in rhesus monkeys. Aspirin, 10 grains
(0.65 gm.) within 24 hours, did suppress the usual
reaction to Trafuril.
Histology of the Trafuril Reaction—Biopsy
specimen of the forearm 2 hours after application
of Trafuril, in the presence of a normal Trafuril
reaction, showed a marked increase in polymor-
phonuclear cells with some eosinophils in and
about the small vessels in the middle and upper
eutis (fig. 1). The small vessels appeared dilated,
and extravasated erythrocytes were seen scattered
about many of the vessels. This response to Tra-
furil was prevented by 10 grains (0.65 gm.) of
aspirin. In two subjects, biopsy specimens ob-
tained 1 hour after application of Trafuril to the
back did not reveal significant changes in the
leucine aminopeptidase, indoxyl esterase, phos -
phorylase, or alkaline phosphatase activities when
compared to control specimens from the opposite
side of the back.
Animal Studies With Methacholine: The reac-
tion of the sexual skin of the rhesus monkey to
intracutaneous injection of methaeholine was
studied in conjunction with the application of
Trafuril. Methacholine usually produced a red
response, but a marked white blanch appeared
periodically in most mature animals. This white
Fie. 1. Perivaseular leukocytic reaction induced by Trafuril. a. Biopsy specimen }4hour after appli-
cation of Trafuril (Giemsa; X 130). b. Biopsy specimen 2 hours after application of Trafuril reveals more
massive accumulation of leukocytes about and in the vessel wall. Some are eosinophils (hematoxylin
and eosin; X 330).
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reaction frequently coincided with a similar white
reaction following the application of Trafuril.
However, in some instances, either methacholinc
or Trafuril would produce a white blanch reac-
tion whereas the other substance produced a red
reaction or no reaction. Studies of mucous mem-
branes and haired skin of all other animals men-
tioned in the Trafuril studies showed vasodila-
tion.
Human Studies With Methacholine: In six
patients with atopic dermatitis, 1:1000 mctha-
choline solution was dropped into the palpebral
conjunctiva. There was a red response with
marked vasodilation in all individuals, in spite of
the fact that each of the six patients had a de-
layed blanch to injection of methacholine into
the skin of the back or forearm (fig. 2). In five
atopic patients, methacholinc was injected into
the buccal mucosa, as was done in the skin test-
ing. In all patients, there was vasodilation and
no blanching, although a marked blanch reaction
to methacholinc occurred in the skin.
DISCUSSION
Differences in reactivity of blood vessels may
he interpreted as representing anatomic or physio-
logic alterations. In a heterogeneous tissue such
as the skin, there arc many component structures
that must be considered in trying to explain our
observations and those in the literature. For
simplicity, we have chosen to discuss theoretic
considerations in terms of individual alterations in
Traluril
Bright, sharply
limited to
zone of appli-
cation, per-
sists for
hours, is fol-
lowed by per-
sistent vaso-
irritability
Aspirin
Nonreactive
FIG. 2. Seleral and palpebral conjunctival in-jection and vasodilation following application of
1:1000 methacholine solution in an atopic patient
with markedly delayed blanch response.
blood vessels, nerves, epidermis and epidermal
structures, and eccrinc glands. More than one
factor may be required to explain our observa-
tions which arc summarized in table 1.
Comparison of Met hacholine and Trafuril
Vasoreactions: It is apparent that methacholinc
and Trafuril produce different effects, as shown in
table 2. Atropinc does not block the Trafuril re-
action and does block that to methacholinc. The
fact that marked vasorcactivity to methacholinc
occurs in the mucous membranes where Trafuril
produces essentially no reaction indicates a differ-
ent mechanism. Neither reaction is affected by
nerve section or procaine block in our experience.
TABLE 1
Skin response to methacho line and Trafuril
Response
Metha-
choline Traforil
Normal human
Skin
Mucous membranes
Atopic human
Skin
Mucous membranes...
Animal
Skin
Red
Red
White
Red
Red
Red
None
White
None
None (except
sexual skin
of monkeys)
NoneMucous membranes... Red
TABLE 2
Comparison of effects of methacholine
and Trafuril
Erythema
Blocked by
Mucous
membranes
Associated
sweating
Methacholine
Bright, slow
diffusion,
persists up
to 30 min-
utes, no
after-reac-
tion
Atropine
Reactive
Yes No
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FIG. 3. Trafuril response in a patient with sensory analgesia
Trafuril-induced erythema has a persistent effect
on vessels, rendering them irritable for days, quite
unlike the short-lived reaction to methacholine.
Blocd Vessels: Blood-vessel networks are not
similar in all parts of the body and specialized
vascular components, such as arteriovenous
anastomoscs, are not equally distributed. To some
extent, this is reflected in regional variations in
skin temperature. However, in the response to an
crythcma-producing stimulus, it is the small blood
vessels that rcspoud, and there are so many small
blood vessels in the skin that variations in cry-
thcmatous reactions cannot be explained on
variability of blood-vessel structures.
An explanation for the vasoactivity of Trafuril
has been that the blood vessels arc responding
directly to the Trafuril. The lack of vasodilation
when Trafuril is applied to conjunctiva, glans
penis, or lips indicates that some blood vessels
do not respond directly to Trafuril. Thus, if this
is the mechanism of action, there must be regional
differences in vessel reactivity.
Nerve: The relationships of nerve fibers to the
crythematous response arc defined by the funda-
mental association of the axon-reflex response.
Axon reflex decreases from the central portion of
the body toward the periphery, arid from the
upper portion of the body toward the lower. This
reflects the density of nerve networks which
change as illustrated by two-point discrimination
and anatomic studies. However, reactivity to
Trafuril is limited sharply to the zone of applied
material and the lack of axon-reflex spread seems
to rule out a direct nerve relationship. Our
study of two patients with sensory analgesia
who demonstrated normal responsiveness to
Trafuril in denervated areas and the absence
of effect of procaine on Trafuril response seem
to support this contention (fig. 3). However,
Crockford and associates (6), in studies of in-
juries to the brachial plexus, noted a distinct
difference in vasoaction in the dencrvatcd side.
More studies of denervatcd and sympa-
thectomizcd skin will be necessary before this
phenomenon can be explained.
Epidermis: The thickness of the epidermis and
of the keratin layer vary from one area of skin to
another. Absorption rates depend on the thick-
ness of these structures and on the presence and
size of the pores. However, this should do no
more than delay the appearance of a reaction and
should not prevent the expression of the cry-
thcma. It is paradoxic that, in the mouth, where
absorption should be excellent and vessels arc
close to the surface, there was no reactivity to
Trafuril. In attempting to explain regional differ-
ences on suck a basis, we stripped the skin and
found that this had no effect on the response of a
given area of skin to the Trafuril applied.
Ecerine Glonds: The structure of the cccrinc
glands was not changed after inunction with
Trafuril nor were there histochemical changes
that could be detected with alkaline phosphatasc,
cytochromc oxidase, Icucine aminopcptidase, and
phosphorylase histochemical reactions.
Eccrine glands are found over the body of the
human but do not exist on mucous membranes of
the mouth, glans penis, or conjunctiva—thrce
areas that did not respond to Trafuril in our
studies. Eccrinc glands arc not found on the gen-
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eral body surface of the animals we studied and
whose skin gave negative reactions to Trafuril. An
ecerine-like gland is found on the sexual skin of
the monkey, where Trafuril responses did occur.
Perspiration is not induced by Trafuril, nor is the
response blocked by atropine, so that if eeerine
glands are involved, it is not related to their
usual function of sweat production.
Comparative Studies: If the blood vessels of
animals respond to rubefacients as do those of
humans, then the animals should have reacted to
Trafuril—but they did not. Thickness of skin and
absorption did not seem to be factors since the
mucous membranes of man and of animals did
not react. The sexual skin of the monkey and the
general skin of the human are similar in that, un-
like usual animal skin, both are glabrous skins
with vasoreactivity and both contain eccrine
glands.
Vosoreactivity in Atopic Skin: Both metha-
choline and Trafuril commonly produce white
reactions or absence of erythema in atopic skin.
At the same time, on atopic mucous membranes
both of these materials produce essentially the
normal reaction that may be expected of them on
these tissues. The atopic skin must have some
physiologic abnormality, or, perhaps underneath
the white reaction, the normal vasodilation is
occurring but is obscured by increased edema.
Consideration of Kinins as a Cause of Trafurit-
Induced Erythema: Hilton and Lewis (7) demon-
strated a kinin in the effluent from the salivary
gland following stimulation of the ehorda tympani
nerve. In subsequent experiments, Fox and Hilton
(8) demonstrated an increase in kinin-like ma-
terials in the dermis of the skin under the influ-
ence of reflex heating. Kinins are vasoactive
polypeptides and they are present in blood, skin,
and many other tissues. If erythema is the result
of a kinin, one would expect a slow diffusion of
vasoaetivity from the area to which Trafuril was
applied into the snrrounding tissues, and this was
not observed.
Bradykinin has a leukotaetic capacity and acts
directly on blood-vessel walls. We have observed
that leukotaxis was a prominent feature in and
about blood vessels following application of
Trafuril to the skin. No similar change was seen
about the sweat glands. It is of interest that these
vasoaetive polypeptides are inhibited by aspirin
and we have demonstrated that the gross ryrafuril
reaction, as well as the histologic response, also
is inhibited by administration of aspirin. Neuro-
kinin, a vasoaetive material associated with axon
flare, has been demonstrated in skin by Chapman
and associates (9). Conceivably, a kinin may be
liberated from the vessel wall, from the nerve, or
from a gland; yet only a few questions are ans-
swered by proposing a polypeptide as a mediator
of the Trafuril-induced erythema.
We think that, at the present time, no hy-
pothesis is entirely satisfactory to explain the
variations that may be seen in normal skin and
mucous membrane and in atopic skin and mucous
membrane. Studies of kinin are being pursued in
experimental circumstances similar to those in
which our observations were carried out. It may
be that vasoactive polypeptides play a role in
the responsiveness of cutaneous blood vessels to
physiologic and pathologic stimuli. The presence
of such materials might explain the differences
between methacholine and Trafuril activities, for
Trafuril might act on blood vessels through such
an intermediate while methacholine acts directly
on the vessel walls. Such vasoaetive intermediates
as kinins or norepinephrine are known to occur
in vessel walls and much of our difficulty in ex-
plaining vessel activity may be explained by
them. Studies of skin in vivo may supply the an-
swer.
suMMARy
Individual reactivity to methaeholine (Me-
eholyl) and Trafuril was relatively constant, al-
though variation among persons may be great.
Regional variations in response to Trafuril were
notable, particularly on the lower part of the leg.
Mucous membranes of the lip, conjunctiva, and
glans penis of man and animals were essentially
nonreactive to Trafuril. The only Trafuril re-
activity observed in animal skin occurred on the
sexual skin of the monkey. Methaeholine con-
sistently produced erythema on the skin and
mucous membranes of man and animals. Histo-
logic examination of the Trafuril-induced reac-
tion revealed leukotactie vascular changes that
were not found in the methaeholine reaction.
While both Trafuril and methacholine may give
blanch reactions in atopic skin, they gave the
expected normal reaction in the mucous mem-
branes of these patients.
Explanations of the reactions must include a
different mechanism for each agent although
vasodilation is the end result of both.
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